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(54) Plasma display device and method for controlling the same 



(57) A signal transfer circuit (41) in a pre-drive circuit 
(32*1) converts the reference potential of a control sig- 
nal , supplied from a drive control circu It, to the reference 
potential of an output element. The control signal is then 
amplified in a signal amplifier circuit (42) and thereafter 
supplied to the output element. This makes It possible 



to Isolate the reference potential and transfer the control 
signal to the output element even when the reference 
potentials of the drive control circuit and the control sig- 
nal are different from that of the output element. The 
drive control circuit can also be prevented from being 
affected by variations in potential of the output element 
or the like. 
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Description 

[0001 1 The present invention relates to a plasma dis- 
play device and methods for controlling the plasma dis- 
play device. More particularly, the present invention re> 
lates to a plasma display device and a method for con- 
trolling the plasma display device which are preferably 
employed for an AC-driven plasma display device hav- 
ing different reference potentials between the drive cir- 
cuit for drh^lng each of the cells constituting the display 
portion and the drive control circuit for controlling the 
drive circuit. 

[0002] This application is based upon and claims pri- 
ority of Japanese Patent Application No. 2001 -01 241 8, 
filed on January 19, 2001, the contents being incorpo- 
rated herein by reference. 

[0003] Conventionally, AC-driven plasma display 
panels (PDPs), one of flat display panels, are classified 
inlo Iwo-eleclrode type PDPs which perform selective 
discharge (address discharge) and sustain discharge 
using two electrodes and three-electrode type PDPs 
which perform address discharge using a third elec- 
trode. The three-electrode type PDPs are further clas- 
sified into a typo with the third electrode fomned on a 
substrate on which the first and second electrodes for 
perfomiing sustain discharge are laid out and a type with 
the third electrode fomied on another substrate opposite 
to the substrate of the first and second electrodes. 
[0004] All types of the above PDP devices are based 
on the same operation principle. The arrangement of a 
PDP device in which the first and second electrodes for 
perfomiing sustain discharge are formed on the first 
substrate, and the third electrode Is fonned on the sec- 
ond substrate opposite to the first substrate will be de- 
scribed below. 

[0005] Fig. 17 Is a view showing the overall arrange- 
ment, of an AC-driven PDP device. In the AC-drlven 
PDP device 1 shown in Fig. 17, a plurality of cells each 
corresponding to one pixel of a display Image are ar- 
rayed In a matrix. Fig. 17 shows an AC-drlven PDP de- 
vice having cells arrayed in a matrix with m rows by n 
columns. The AC-driven PDP 1 also has scanning elec- 
trodes Y1 to Yn and common electrodes X, which are 
formed to run parallel on the first substrate, and address 
electrodes A1 to Am which are fonmed on the second 
substrate opposite to the first substrate so as to run per- 
pendicular to the electrodes Y1 to Yn and X. The com- 
mon electrodes X are fomned in proximities of the scan- 
ning electrodes Y1 to Yn in correspondence with them 
and commonly connected at tenmlnals on one side. 
[0006] The common temninal of the common elec- 
trodes X is connected to the output temnlnal of an X-side 
circuit 2. The scanning electrodes Y1 to Yn are connect- 
ed to the output tenminals of a Y-side circuit 3. The ad- 
dress electrodes A1 to Am are connected to the output 
terminals of an address-side circuit 4. The X-side circuit 
2 is fomned from a circuit for repeating discharge. The 
Y-side circuit 3 is formed from a circuit for executing line- 



sequential scanning and a circuit for repeating dis- 
charge. The address-side circuit 4 is formed from a cir- 
cuit for selecting a column to be displayed. 
[0007] The X-side circuit 2, Y-slde circuit 3. and ad- 
5 dress-side circuit 4 are controlled by control signals sup- 
plied from a drive control circuit 5. 
That is, a cell to be tumed on is detemiined by the ad- 
dress-side circuit 4 and the line-sequential scanning cir- 
cuit In the Y-slde circuit 3, and disciiarge Is repeated by 
10 the X-side circuit 2 and Y-slde circuit 3, thereby perfonm- 
ing the display operation of the PDP. 
[0008] The drive control circuit 5 generates the control 
signals on the basis of display data D from an extemal 
device, a clock CLK indicating the read timing of the dis- 
'5 play data D, a horizontal sync signal HS, and a vertical 
sync signal VS and supplies the control signals to the 
X-slde circuit 2. Y-slde circuit 3, and address-side circuit 
4. 

[0009] Fig. 18A is a sectional view of a cell Cij as a 
pixel, which is In the Ith row and jth column. Referring to 
Rg. 18A, the common electrode X and the scanning 
electrode Yi are formed on a front glass substrate 11. 
The electrodes X and Yi are coated with a dielectric layer 
12 that insulates the electrodes from discharge space 
17. The dielectric layer 1 2 Is coated with an MgO (mag- 
nesium oxide) protective film 13. 
[0010] On the other hand, the address electrode Aj is 
fomned on a back glass substrate 14 opposite to thef rent 
glass substrate 11 . The address electrode Aj is coated 
with a dielectric layer 15, and the dielectric layer 15 is 
coated with a phosphor 18. Ne + Xe Penning gas is 
sealed In the discharge space 1 7 between the MgO pro- 
tective film 13 and the dielectric layer 15. 
[0011] Rg. 1 SB is a view for explaining the capaci- 
tance Cp in the AC-driven PDP. As shown in Rg. 18B, 
in the AC-driven PDP, capacitive components Ca, Cb, 
and Cc are present in the discharge space 1 7, betvveen 
the common electrode X and the scanning electrode Y, 
and In the front glass substrate 11, respectively. A ca- 
pacitance Cpcell per cell is detemiined by the sum of 
the capacitive components (Cpcell = Ca + Cb + Cc). The 
sum of capacitances Cpcell of all the cells In the panel 
is the panel capacitance Cp. 
[0012] Rg. 1 8C is a view for explaining light emission 
of an AC-driven PDP. As shown In Fig. 18C, striped- 
shaped red, blue, and green phosphors 18 are laid out 
and applied to the Inner surface of ribs 16. The phos- 
phors 1 8 are excited by discharge between the common 
electrode X and the scanning electrode Y so as to emit 
light. 

[0013] In addition, a method for driving an AC-driven 
PDP has been suggested. The method empk>ys a drive 
circuit as shown in Fig. 19 to apply a positive potential 
to one electrode and a negative potential to the other 
electrode, thereby making use of a potential difference 
between the electrodes to perfonn discharge therebe- 
tween. 

[0014] Fig. 19 is a circuit diagram showing the ar- 
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rangement of a drive circuit for an AC-driven PDP. 
[0015] Referring to Fig. 19, a capacltive load 20 (here- 
inafter refen-ed to as a "load") Is the total capacitance of 
the cells formed between one common electrode X and 
one scanning electrode Y. The common electrode X and 
the scanning electrode Y are formed on the load 20. 
Here, the scanning electrode Y Is a given scanning elec- 
trode of the scanning electrodes Y1 to Yn. 
[0016] On the common electrode X side, switches 
SW1 and SW2 are connected in series between the 
ground (GND) and a power supply line for a potential 
(Vs/2) supplied from a power supply (not shown). One 
terminal of a capacitor C1 is connected to an intercon- 
nection node between the two switches SW1 and SW2, 
while a switch SW3 is connected between the other ter- 
minal of the capacitor CI and the GND. 
[0017] Switches SW4 and SW5 are connected in se- 
ries between the two temninals of the capacitor CI . An 
Interconneclion node between the two switches SW4 
and SW5 is connected on the way to the common elec- 
trode X of the load 20 via an output line OUTC and to a 
power recovery circuit 21 as welt. Furthemiore, a switch 
SW6 having a resistor R1 is connected between a sec- 
ond signal line OiJTB and a power supply line for gen- 
erating a write potential Vw. 

[0018] The power recovery circuit 21 has two coils L1 
and L2 connected to the load 20, a diode D2 and a tran- 
sistor Trt that are connected in series to the coil LI , and 
a diode 03 and a transistor Tr2 that are connected In 
series to the coil L^. The power recovery circuit 21 also 
has a capacitor 02 to be connected between the inter- 
connection node of the two transistors Trl and Tr2 and 
the second signal line OUTB. 
[001 9] Thus, the load 20 and the colls LI and L2 each 
connected thereto constitute two resonant circuits. That 
is, the power recovery circuit 21 is provided with two L-C 
resonant circuits in which charges supplied to the panel 
by the resonance of the coil LI and the load 20 are re- 
covered through the resonance of the coil L2 and the 
load 20. 

[0020] On the scanning electrode Y side, switches 
SW1' and SW2' are connected in series between the 
ground (GND) and a power supply line for a potential 
(Vs/2) supplied from a power supply (not shown). One 
terminal of a capacitor C4 Is connected to an Intercon- 
nection node of the two switches SW1 ' and SW2', while 
a switch SW3* Is connected between the other terminal 
of the capacitor C4 and the GND. 
[0021] Switch SW4' connected to the one temiinal of 
the capacitor C4 Is connected to the cathode of the di- 
ode D7, and the anode of the diode 07 is connected to 
the other tenninal of the capacitor 04. Switch SW5' con- 
nected to the other temri In al of the capacitor C4 is con- 
nected to the anode of the diode 06, and the cathode 
of the diode 06 Is connected to the one temninal of the 
capacitor 04. 

[0022] Moreover, one temninal of the switch SW4* 
connected to the cathode of the diode 07 and one ter- 



minal of the switch SW6' connected to the anode of the 
diode D6 are connected with the load 20 via a scan driv- 
er 22 and a power recovery circuit 21 ' as well. Further- 
more, a switch SW6' having a resistor Rl* is connected 

s between a fourth signal line OUTB' and the power sup- 
ply line for generating a write potential Vw. 
[0023] The power recovery circuit 21* has two coils 13 
and L4 connected to the load 20 via the scan driver 22, 
a diode 04 and a transistor Tr3 that are connected in 

10 series to the coil L3, and a diode 05 and a transistor Tr4 
that are connected in series to the coil L4. The power 
recovery circuit 21* also has a capacitor 03 to be con- 
nected between the common terminal of the two tran- 
sistors Tr3 and Tr4 and the fourth signal line OUTB'. 

15 [0024] The power recovery circuit 21 * is also provided 
with two L-C resonant circuits in which charges supplied 
to the load 20 by the resonance of the coil L4 and the 
toad 20 are recovered through the resonance of the coil 
L3 and the toad 20. 

20 [0025] in addition to the configuration, there are also 
provided three transistors Tr5, Tr6, and Tr7 and two di- 
odes 06 and 07 on the scanning electrode Y side. When 
turned on, the transistor TrS allows a resistor R2 con- 
nected thereto to act to blunt the wavefonn of a pulse 

25 potential applied to the scanning electrode Y. The tran- 
sistor TrS and the resistor R2 are connected in parallel 
to the switch SW5'. 

[0026] The transistors Tr6 and Tr7 are adapted to pro- 
vide a potential difference (Vs/2) across the scan driver 

30 22 in an address period, which is described later. That 
is, in the address period, the switch SW2' and the tran- 
sistor Tr6 are turned on, thereby causing the potential 
at the upper side of the scan driver 22 to reach the 
ground level. Moreover, the transistor Tr7 is turned on 

35 totherebycausethenegativepotentiat(-Vs/2) outputted 
to the fourth signal line OUTB* in accordance with the 
charges accumulated in the capacitor C4 to be applied 
to the lower side of the scan driver 22. Upon outputting 
a scan pulse, this makes It possible to allow the scan 

40 driver 22 to appty the negative potential (-Vs/2) to the 
scanning electrode Y. 

[0027] The switches SW1 to SW6, SW1 ' to Sw6' and 
the transistors Tr1 to Tr7 are controiled by control sig- 
nals supplied from a drive control circuit 31 . The drive 

45 control circuit 31 comprises logic circuits, and generates 
the control signals on the basis of display data D from 
an external device, a clock CLK, a horizontal sync signal 
HS, and a vertical sync signal VS to then supply the con- 
trot signals to the switches SW1 to SW6. SW1 ' to Sw6' 

so and the transistors Trl to Tr7. 

[0028] Incidentally, Fig. 19 shows control lines con- 
nected the drive control circuit 31 with the switches 
SW4, SW5, SW4', and SW5' and the transistors Trl to 
Tr4. However, there also exist control tines that connect 

55 the drive control circuit 31 with the switches SW1 to 
SW6, SWV to SW6' and the transistors Tr1 to Tr7. 
[0029] Rg. 20 is a timing chart showing drive wave- 
forms provided by the drive circuitforthe AC-driven POP 
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configured as shown in Fig. 19. Fig. 20 shows one of a 
plurality of subfields of one frame. One subfield is divid- 
ed into a reset period comprised of a full write period 
and a full erase period, an address period, and a sustain 
discharge period. 

[0030] In Fig. 20. in the reset period, first, on the com- 
mon electrode X side, the switches SW2 and SW5 are 
turned on and the switches SW1 , SW3. SW4, and SW6 
are turned off. This causes the potential of the second 
signal line OUTB to be reduced down to (-Vs/2) in ac- 
cordance with the charges accumulated in the capacitor 
CI. Then, the potential (-Vs/2) is output to the output 
line OUTC through the switch SW5 and then applied to 
the common electrode X of the load 20. 
[0031] On the scanning electrode Y side, the switches 
SWV, SW4', and SW6' are tumed on and the switches 
SW2\ SW3', and SW5' are turned off. This causes the 
potential Vw added by a potential (Vs/2) resulting from 
the charges accumulated in the capacitor C4 to be ap- 
plied to the output line OUTC. Then, the potential (Vs/ 
2 + Vw) Is applied to the scanning electrode Y of the 
load 20. At this time, the resistor R1 ' in the switch SW6' 
acts to gradually increase the potential with the passage 
of time. 

[0032] This causes the potential difference between 
the common electrode X and the scanning electrode Y 
to reach (Vs -i- Vw), and discharge to be perfomned in all 
cells of alt display lines Independently of the preceding 
display state, thereby fomrting wall charges (full writing). 
[0033] Then, each switch is controlled as appropriate 
to bring the potential of the common electrode X and the 
scanning electrode Y back to the ground level, and then 
a state opposite to the state is created on the common 
electrode X and the scanning electrode Y. That is, on 
the common electrode X side, the switches SW1 , SW4, 
and SW6 are tumed on, and the switches SW2, SW3, 
and SW5 are turned off, while on the scanning electrode 
Y side, the switches SW2' and SW5' are tumed on, and 
the switches SWV. SW3', SW4', and SW6' are turned 
off. 

[0034] This allows the potential applied to the com- 
mon electrode X to Increase continuously from the 
ground level up to (Vs/2 + Vw) with the passage of time, 
while the potential applied to the scanning electrode Y 
drops down to (-Vs/2). This causes the potential of wall 
charges thennselves to exceed the discharge start po- 
tential In all the cells, thereby starting discharge. At this 
time, as described above, by allowing the potential ap- 
plied to the common electrode X to continuously In- 
crease as time goes by, weak discharge is perfonned to 
erase the accumulated wall charges excluding a part 
thereof (full erasing) 

[0035] Then, in the address period, address dis- 
charge is line-sequentially performed to turn on/off each 
cell in accordance with the display data. At this time, on 
the common electrode X side, the switches SW1 , SW3, 
and SW4 are tumed on, and the switches SW2, SW5, 
and SW6 are tumed ofT. The potential of the first signal 



line OUTA is thereby raised up to the potential (Vs/2) 
that is provided via the switch SW1 . Then, the potential 
(Vs/2) is outputted to the output line OUTC through the 
switch SW4 and applied to the common electrode X of 
5 the load 20. 

[0036] In addition, upon the application of a potential 
to a scanning electrode Y corresponding to a given dis- 
play line, the switch SW2* and the transistor Tr6 are 
turned on, thereby causing the potential at the upper 
10 side of the scan driver 22 to be brought down to the 
ground level. Moreover, the transistor Tr7 Is tumed on, 
thereby causing the negative potential (-Vs/2) outputted 
to the fourth signal line OUTB' in accordance with the 
charges accumulated in the capacitor C4 to be applied 
15 to the lower side of the scan driver 22, Accordingly, a 
potential level of (•Vs/2) is applied to the scanning elec^ 
trodes Y selected line-sequentially, whilethe ground lev- 
el potential Is applied to non-selected scanning elec- 
trodes Y of the load 20. 

[0037] At this time, an address pulse having a poten- 
tial Va Is selectively applied to the address electrode Aj 
in the address electrode A1 to Am, which con'esponds 
to a cell which should cause sustain discharge, i.e., a 
cell to be turned on. /\s a result, discharge occurs be- 
tween the address electrode Aj of the cell to be turned 
on and the line-sequentially selected scanning elec- 
trode Y. With this priming (pilot flame), discharge be- 
tween the common electrode X and the scanning elec- 
trode Y immediately starts. Wail charges in an amount 
enough for the next sustain discharge are accumulated 
on the MgO protective film on the common electrode X 
and scanning electrode Y of the selected cell. 
[0038] Then, in the sustaining discharge period, the 
two switches SW1 and SW3 are first tumed on, and the 
remaining switches SW2, and SW4 to SW6 are turned 
off on the common electrode X side. At this time, the 
potential of the first signal line OUTA reaches (•i-Vs/2) 
and the second signal line OUTB reaches the ground 
level. Here, the transistor Tr1 in the power recovery cir- 
cuit 21 is turned on to thereby allow the coil LI and the 
capacitance of the load 20 to produce L-C resonance, 
and the charges that have been recovered In the capac- 
itor C2 Is supplied to the load 20 through the transistor 
Tri . the diode D2, and the coll LI . 
[0039] At this time, on the scanning electrode Y side, 
the switch SW2' has been turned on. Accordingly, the 
cunrent supplied from the capacitor C2 to the common 
electrode X via the switch SW3 on the common elec- 
trode X side passes through the diode In the scan driver 
22 on the scanning electrode Y side and the diode D6 
to be supplied to the GND via the third signal line OUTA' 
and the switch SW2'. The current flowing as described 
above causes the potential of the common electrode X 
to Increase gradually as shown in Fig. 20. Then, the 
switch SW4 is tumed on near the peak potential pro- 
duced upon the resonance, thereby the potential of the 
common electrode X Is clamped to the potential (Vs/2). 
[0040] Subsequently, on the scanning electrode Y 
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side, the transistor Tr3 in the power recovery circuit 21* 
Is further turned on. This allows the coll L3 and the ca- 
pacitance of the load 20 to produce L-C resonance. A 
current is supplied to the common electrode X from the 
switch SW3 and the capacitor C1 on the common elec- 
trode X side through the first signal line OUTA, and the 
switch SW4. The current passes through the diode in 
the scan driver 22 on the scanning electrode Y side and 
the diode D4 in the power recovery circuit 21 ' and is then 
supplied to.the GND via the transistor Tr3, the capacitor 
C3, the capacitor C4, and the switch SW2'. The cun^ent 
flowing as described above causes the potential of the 
scanning electrode Y to decrease gradually as shown 
in Fig. 20. At this time, part of the charges can be recov- 
ered in the capacitor C3. Then, the switch SW5' is also 
turned on near the peal< potential produced upon the 
resonance, whereby the potential of the scanning elec- 
trode Y Is clamped to the potential (-Vs/2). 
[0041 J Simllarty, to change the potential applied to the 
common electrode X and the scanning electrode Y from 
the potential (-Vs/2) to the ground level (OV), the charg- 
es that have been recovered in the capacitors C2 and 
C3 In the power recovery circuits 21 and 21 ' is supplied, 
thereby allowing the applied potential to gradually in- 
crease. 

[0042] In addition, to change the potential applied to 
the common electrode X and the scanning electrode Y 
from the potential (Vs/2) to the ground level (OV). the 
charges that have been accumulated in the load 20 is 
supplied to the GND, thereby allowing the applied po- 
tential to gradual ly decrease and a part of the charges 
that have been accumulated in the load 20 to be recov- 
ered in the capacitors C2 and C3 in the power recovery 
circuits 21 and2V. 

[0043] As described above, in the sustain discharge 
period, potentials (+Vs/2 and -Vs/2) different in polarity 
from each other are applied alternately to the common 
electrode X and the scanning electrode Y of each dis- 
play line to perfonn sustain discharge to thereby display 
one subfleld of Image. 

[0044] In the drtve circuit for the AC-driven PDP, the 
drive control circuit 31 comprised logic circuits or the lii<e 
employs the GND level as a reference potential. How- 
ever, during the dhve operation, the reference potential 
of output elements varies to which control signals are 
supplied from the drive control circuit 31 and by which 
potentials are supplied to the common electrode X and 
the scanning electrode Y. Here, meant by the output el- 
ements are the switches SW4, SW5, SW4\ and SW5', 
and the transistors Tri to Tr4 in the power recovery cir- 
cuits 21 and 21'. For this reason, a variation in potential 
of the output elements could produce backf low of power 
to the drive control circuit 31 , thereby causing a high 
potential to be applied to the drive control circuit 31 , for 
example, upon supplying the signal generated by the 
drive control circuit 31 to the output elements. 
[0045] As a method for solving this problem, such a 
method can be contemplated in which components hav- 



ing a high breal<down potential are employed as the el- 
ements In the output portion of the drive control circuit 
31 to thereby prevent the effects caused by the varia- 
tions in potential of the output elements. However, there 

5 was a problem that the output portion of the drh/e control 
circuit 31 configured using components having a high 
breal<down potential made the circuit complicated. 
[0046] Furthermore, In the drive circuit for the AC-driv- 
en PDP, suppose that the power recovery circuits 21 and 

10 21* worl( improperly, that is, potentials across the capac- 
itors C2 and C3 deviate from nomial potentials, in this 
case, output loss would become greater in the drive op- 
eration of the drive circuit to cause each of the elements 
constituting the drive circuit to generate a greater 

15 amount of heat, thereby leading to damage to the ele- 
ments in some cases. 

[0047] It is therefore desirable to provide a highly re- 
liable plasma display device without employing compo- 
nents or the like having a high breal^down potential. 

^ [0048] In addition, it is desirable to make it possible 
to prevent damage to the elements when the power re- 
covery circuit worlcs improperly. 
[0049] A plasma display device according to an as- 
pect of the present invention comprises a signal transfer 

25 circuit. The signal transfer circuit converts a control sig- 
nal, for controlling an output element for supplying a po- 
tential to an electrode provided for applying a potential 
to a display cell and producing discharge therein, to a 
signal having a reference potential of the output element 

30 and then supplies the resulting signal to the output ele- 
ment. 

[0050] A plasma display device according to another 
aspect of the present invention is an^nged to lower a 
power supply potential for drhring the plasma display de- 

35 vice when a power recovery potential detected by a po- 
tential detector circuit for detecting the power recovery 
potential of a power recovery circuit is different from a 
power recovery potential indicative of the property op- 
erating power recovery circuit. 

40 [0051] According to embodiments of the present in- 
vention, a control signal for controlling an output ele- 
ment for supplying a potential to an electrode is convert- 
ed to a signal having the reference potential of the output 
element and the resulting signal is then supplied to the 

45 output element. This makes it possible to transfer the 
control signal, with the reference potential being isolat- 
ed. Accordingly, the side for supplying the control signal 
could be prevented from being affected by variations in 
potential of the output element or the like. 

50 [0052] Furthemnore, according to another aspect of 
the present invention, the power recovery potential of 
the power recovery circuit is detected. When the power 
recovery potential detected is different from a power re- 
covery potential Indicative of the property operating 

55 power recovery circuit, the power supply potential for 
driving the plasma display device is lowered. This 
makes it possible to stop the operation of the plasma 
display device before the occurrence of damage to the 
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elements. 

[0053] Preferred features of the present invention will 
now be described, purely by way of example, with ref- 
erence to the acoompanying drawings, in whfch:- 

Fig. 1 1s a circuit diagram showing the arrangement 
of a drive circuit for an AC-driven PDP according to 
the first embodiment; 

Fig. 2 is a conceptual view for explaining the oper- 
ation of the drive circuit for the AC-driven PDP ac- 
cording to the first embodiment; 
Fig. 3 is a block diagram showing the arrangement 
of a pre-drive circuit; 

Fig. 4 is a block diagram showing another arrange- 
ment of a pre-drive circuit; 
Fig. 5 is a view showing the arrangement of an op- 
tical transfer circuit; 

Fig. 6 Is a view for explaining an operation of a pre- 
drive circuit; 

Fig. 7 is a timing chart showing the operation of a 
pre-drive circuit; 

Fig. 8 Is a block diagram showing another an^ange- 
ment of a pre-drive circuit; 
Fig. 9 is a vicwshowing the anrangementof asuppiy 
potential sustainer circuit; 
Fig. 1 0 Is a block diagram showing another anrange- 
ment of a pre-drive circuit; 
Figs. 11 A, 11 B, and 11C are views showing the ar- 
rangements of a phase tuning circuit; 
Fig. 1 2 is a view showing another an-angement of a 
drive circuit for an AC-drlven PDP according to the 
first embodiment; 

Rg. 13 is a circuit diagram showing the anrange- 
ment of a drive circuit for an AC-driven PDP accord- 
ing to the second embodiment; 
Fig, 14 is a circuit diagram showing another ar- 
rangement of a drive circuit for an AC-driven PDP 
according to the second embodiment; 
Fig. 15 is a circuit diagram showing the ansnge- 
ment of a drive circuit for an AC-drlven PDP accord- 
ing to the third embodiment; 
Fig. 1 6 is a potential waveform diagram for explain- 
ing the operation of a drive circuit for an AC-drlven 
PDP according to the third embodiment; 
Fig. 17 is a view showing the overall arrangement 
of an AC-driven PDP; 

Fig. 18A is a sectional view showing a sectional 
structure of a ceil Cij as a pixel, which Is in the Ith 
row and jth column; 

Fig. 1 8B is a view for explaining the capacitance of 
an AC-driven PDP; 

Fig. 1BC Is a view for explaining light emission of 
an AC-driven PDP; 

Fig. 19 is a circuit diagram showing the arrange- 
ment of a drive circuit for an AC-driven PDP; and 
Fig. 20 is a timing chart showing drive wavefomis 
provided by the drive circuit for the AC-driven PDP 
shown in Fig. 19. 



[First embodiment] 

[0054] Rg. 1 is a circuit diagram showing the arrange- 
ment of a drive circuit for an AC-driven PDP according 

5 to a first embodiment, incidentally, the drive circuit 
shown in Fig. 1 according to this embodiment is appli- 
cable to the AC-driven PDP shown in Figs. 17 and 18, 
in which illustrated are the overall arrangement thereof 
and the stmcture of a cell constituting the pixel. It is to 

10 be understood that the components having the same 
reference symbol in Figs. 1 and 1 9 have the same func- 
tion. 

[0055] Refening to Fig. 1 , the load 20 is the total ca- 
pacitance of the cells fonned between one common 
15 electrode X and one scanning electrode Y. The common 
electrode X and the scanning electrode Y are formed on 
the load 20. 

[0056] On the common electrode X side, the switches 
SW1 and SW2 are connected in series between the 

20 power supply line for the potential (Vs/2) supplied from 
a power supply (not shown) and the ground (QND). One 
terminal of the capacitor CI is connected to an intercon- 
nection node of the two switches SW1 and SW2, while 
the switch SW3 is connected between the othertermlnal 

25 of the capacitor CI and the GND. 

[0057] Switches SW4 and SW5 are connected In se- 
ries between the two temiinals of the capacitor C1 . The 
SW4 is connected to the one temilnai of the capacitor 
C1 via the first signal line OUTA, while the SW5 Is con- 

30 nected to the other temnlnal of the capacitor CI via the 
second signal line OUTB. An interconnection node be- 
tween the two switches SW4 and SW5 Is connected with 
the common electrode X of the load 20 via the output 
line OUTC. 

35 [0058] On the scanning electrode Y side, switches 
SWr and SW2' are connected in series between the 
power supply line for the potential (Vs/2) supplied from 
apowersupply(notshown) and the ground (GND). One 
temnlnal of the capacitor C4 Is connected to an Intercon- 

40 nectlon node of two switches SW1 ' and SW2', while the 
switch SW3' Is connected between the other temnlnal of 
the capacitor C4 and the GND. 
[0059] In addition, the switch SW4' connected to the 
one terminal of the capacitor C4 via the third signal line 

« OUTA' is connected to the cathode of a diode D1 4, and 
the anode of the diode D14 is connected to the other 
terminal of the capacitor C4. The switch SW5' connect- 
ed to the other tennlnal of the capacitor C4 via the fourth 
signal line OUTB' is connected to the anode of a diode 

50 D1 5, and the cathode of the diode D1 5 is connected to 
the one temiinal of the capacitor C4. Moreover, one ter- 
minal of the switch SW4' connected to the cathode of 
the diode D14 and one tenninai of the switch SW5' con- 
nected to the anode of the diode D1 5 are connected with 

55 the scanning electrode Y of the load 20 via the scan driv- 
er 22. 

[0060] Incidentally. Fig. 1 shows only one scan driver 
22. however, one scan driver 22 is provided for each of 
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a plurality of display lines of the POP. Other circuits 
serve as a common circuit provided in common for a 
plurality of display lines. 

[0061 J The drive control circuit 31 comprises logic cir- 
cuits or the like and controls the switches SW1 to SW5 
and S W1 ' to SW5' which constitute the drive circuit. That 
is, the drive control circuit 31 generates control signals 
for controlling the switches SW1 to SW5 and SW1' to 
SW5' on the basis of display data from an external de- 
vice, a clock, a horizontal sync signal, a vertical sync 
signal or the like. Then, the drive control drcuit 31 sup* 
plies the control signals generated as such to each of 
the switches SW1 to SW5 and SWr to Sw5\ 
[0062] Incidentally, as for control lines for supplying 
control signals from the drive control circuit 31 , Illustrat- 
ed In Fig. 1 are only control lines C7L1 to CTL4 for sup- 
plying control signals to pre-drive circuits 32-1, 32-2, 
32-3, 32-4, each connected to each of the switches 
SW4, SW5, SW4', and SW5'. However, a control line for 
supplying a control signal from the drive control circuit 
31 is connected to each of the switches SW1 to SW3 
andSW1'toSW3'. 

[0063] The pre-drive circuits 32-1 to 32-4 supply con- 
trol signals. Each of the control signals Is supplied from 
the drive control circuit 31 via the control lines CTL1 to 
CTL4, employlngthe reference potential (e.g., the GND) 
ofthe drive control clrcuit31 as the reference. Upon sup- 
plying the control s^nats, the potential level thereof is 
converted to match with the reference potential of the 
switches SW4. SW5, SW4'. and SW5'. incidentally, the 
pre-drive circuits 32-1 to 32^ are described later in 
more detail. 

[0064] Now, the operation is explained with reference 
to Fig. 2. 

[0065] Fig. 2' Is a conceptual view for explaining the 
operation of the drive circuit for the AC-drtven POP 
shown in Fig. 1 . Incidentally, in Fig. 2, the components 
having the same reference symbols as those shown in 
Fig. 1 have the same function, and a repetitive descrip- 
tion will be omitted. 

[0066] Refening to Fig. 2, on the common electrode 
X side, the two switches SW1 and SW3 are turned on, 
and the remaining switches SW2, SW4, and SW5 are 
turned off. This causes the potential of the first signal 
line OUTA to reach the potential (4-Vs/2), which is sup- 
plied from a power supply (not shown) via the switch 
SW1 . Thereafter, the switch SW4 Is turned on and the 
switches SW4" and SW2' on the scanning electrode Y 
side are turned on. This causes the potential (+Vs/2) of 
the first signal line OUTA to be applied to the common 
electrode X of the load 20 via the output line OUTC and 
the potential (V8/2) to be thereby applied between the 
common electrode X and the scanning electrode Y. 
[0067] In addition, at this stage, the switches SW1 and 
SW3 are turned on to cause the capacitor C1 to be con- 
nected to the power supply. Accordingly, the capacitor 
01 is provided with charges accumulated therein in ac- 
cordance with the potential (Vs/2) applied by a power 



supply (not shown) via the switches SW1 and SW3. 
[0068] Subsequently, the switch SW4 Is turned off to 
shut off the cun-ent path for applying the potential. 
Thereafter, the switch SW5 Is turned on under pulsed 
5 operation, thereby reducing the potential of the output 
line OUTC down to the ground level. Then, the switch 
SW2 Is tumed on, the remaining four switches SW1, 
SW3, SW4, and SW5 are tumed off, and thereafter the 
switch SW4 is turned on under pulsed operation. The 
^0 switch SW4 is tumed on, thereby providing the common 
electrode X (the ground) with a cun'ent path for applying 
a potential to the scanning electrode Y side. 
[0069] Then, with the switch SW2 remaining tumed 
on, the switch SW5 is tumed on. At this time, the first 
signal line OUTA is not supplied with the power supply 
potential from a power supply (not shown) via the switch 
SW1 and will be therefore provided with the ground level 
potential. On the other hand, the switch SW2 Is tumed 
on to cause the first signal line OUTA to be grounded. 
Accordingly, the second signal line OUTB will be provid- 
ed with the potential (-Vs/2), which Is lowered from the 
ground level by the potential (V8/2] in accordance with 
the charges accumulated in the capacitor 01 . 
[0070] At this time, since the switch SW5 has been 
tumed on, the potential (-V6/2) ofthe second signal line 
OUTB is applied to the load 20 via the output line OUTC. 
At this time, the switches SW3' and SW4' on the scan- 
ning electrode V are tumed on, thereby applying the po- 
tential (-Vs/2) to the common electrode X side with re- 
spect to the scanning electrode Y (at potential Vs/2). 
[0071] Then, the switches SW2 and SW4 are tumed 
on, and the remaining switches SW1, SW3, and SW5 
are tumed off. This raises the potential of the output line 
OUTC to the ground level . Thereafter, like the first stage, 
the three switches SW1 , SW3, and SW4 are tumed on, 
and the remaining two switches SW2 and SW5 are 
turned off, which will be repeated from then on in the 
same way. 

[0072] As described above, the positive potential 
(+VS/2) andthe negative potential (-Vs/2) arealtemately 
applied to the common electrode X of the load 20. On 
the other hand, by the same switching control as that for 
the common electrode X side, the positive potential 
(+VS/2) andthe negative potential (-Vs/2) arealtemately 
applied also to the scanning electrode Y of the load 20. 
[0073] At this time, the potentials (■f;-Vs/2) applied to 
each of the common electrode X and the scanning elec- 
trode Y have phases Inverted relative to each other. That 
is, when the positive potential (+Vs/2) is applied to the 
common electrode X, the negative potential (-V8/2) is 
applied to the scanning electrode Y. By this, the potential 
difference between the common electrode X and the 
scanning electrode Y is allowed to perfomr) sustain dis- 
charge therebetween. 

[0074] Now, explained In detail below are the pre- 
drive circuits 32-1 to 32-4 shown In Fig. 1 . Incidentally, 
the pre-drive circuits 32-1 to 32-4 have the same con- 
figuration, and therefore only the pre-drive circuit 32-1 
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is described below. 

[0075] Fig. 3 is a block diagram showing the arrange- 
ment of a pre-drive circuit. 

[0076] Referring to Rg. 3, the pre-drive circuit 32-1 
comprises a signal transfer circuit 41 and a signal am- 
plifier circuit 42. 

[0077] The signal transfer circuit 41 converts the con- 
trol signal, which is supplied from the drive control circuit 
31 via the control line CTL1 with reference to the refer- 
ence potential (e.g., the GND) of the drive control circuit 
31 shown in Fig. 1 , to a control signal having a potential 
level to match with the reference potential of an output 
element (the switch SW4 shown In Fig. 1 for the pre- 
drive circuit 32-1). For example, the signal transfer cir- 
cuit 41 can be made up of photo-coupler (photo-isota- 
tors), coupling capacitors, ortransfonners. 
[0078] The signal amplifier circuit 42 amplifies the 
control signal, which Is outputted to the output element 
from the signal transfer circuit 41, to an output element 
drive level and then supplies the control signal to the 
output element. For example, the signal amplifier circuit 

42 can be composed of MOS drivers or IGBT (insulated 
Gate Bipolar Transistor) drivers. 

[0079] The pre-drive circuit 32-1 configured as de- 
scribed above allows the signal transfer circuit 41 to con- 
vert the control signal, which is supplied from the drive 
control circuit 31 and employs, as the reference, the ref- 
erence potential of the drive control circuit 31 , to the po- 
tential level of the reference potential of the output ele- 
ment Then, the signal amplifier circuit 42 amplifies the 
resulting signal to the drive level of the output element 
and thereafter supplies the resulting signal to the output 
element This makes rt possible to supply a control sig- 
nal con-esponding to the reference potential of the out- 
put element to the output element. Accordingly, the out- 
put element can be operated with stability, and varia- 
tions in potential of the output element could be prevent- 
ed from affecting the drive control circuit 31 . 
[0080] in addition, provided is the signal transfer cir- 
cuit 41 for converting the reference potential of the con- 
trol signal supplied. Upon designing circuitstobe placed 
before and after the signal transfer circuit 41 , this makes 
it possible to design the circuits separately without con- 
sidering the respective reference potential, thereby fa- 
cilitating the circuit design. 

[0081] Fig. 4 Is a block diagram showing another ar- 
rangement of a pre-drive drcuil. 
[0082] The pre-drive cin:jult 32-1 shown in Fig. 4 is that 
of Fig. 3 in which an optical transfer circuit 43 such as 
a photo-coupler (a photo-Isolator) Is employed as the 
signal transfer circuit 41 for converting the reference po- 
tential of the control signal supplied from the drive con- 
trol circuit 31 . 

[0083] Referring to Fig. 4, the optical transfer circuit 

43 comprises a combination of a light-emitting element 

44 and a light-receiving element 45 as shown in Fig. 5. 
Here, the reference potential of the light-emitting ele- 
ment 44 Is equal to that of the drive control circuit 31, 



while the reference potential of the light-receiving ele- 
ment 45 is equal to that of the output element. 
[0084] In the pre-drive circuit 32-1 shown in Fig. 4, a 
control signal supplied from the drive control circuit 31 
5 to the output element causes the light-emitting element 

44 in the optical transfer circuit 43 to flash In accordance 
with the control signal. Then, the light-receiving element 

45 in the optical transfer circuit 43 detects the presence 
or absence of light A emitted from the light-emitting el- 
ement 44, allowing the optical transfer circuit 43 to out- 
put a signal in accordance with the result of detection. 
That is, the optical transfer circuit 43 converts the refer- 
ence potential of the supplied control signal from that of 
the drive control circuit 31 to that of the output element, 
and then outputs the resulting signal. 
[0085] Then, the control signal converted to the refer- 
ence potential of the output element for output by the 
optical transfer circuit 43 is amplified to the drive level 
of the output element by the signal amplifier circuit 42, 
being supplied to the output element. 
[0086] Now, consider this case where the optical 
transfer circuit 43 converts the control signal from the 
reference potential of the drive control circuit 31 to that 
of the output element. In this case, It is possible to trans- 
fer the control signal by means of light between the light- 
emitting element 44 and the llght-receh/Ing element 45 
in the optical transfer circuit 43, whHe the path for trans- 
ferring the control signal is electrically isolated. Accord- 
ingly, variations in potential or the like caused In the out- 
put element would never exert an effect on the drive con- 
trol circuit 31. 

[0087] Fig. 6 is a view for explaining an operation of 
the pre-drive circuit shown In Rg. 4. 

[0088] Refen-ing to Fig. 6, the switch SW4 acting as 
an output element is fornied of an n-channei transistor 
The switch SW4 is turned on at the high level of signal 
OUT outputted from the pre-drive circuit 32-1 and turned 
off at the low level. 

[0089] In addition, the pre-drive circuit 32-1 outputs a 
high level signal OUT when the light-emitting element 
44 in the optical transfer circuit 43 emits light and oth- 
erwise a low level signal OUT (when the light-emitting 
element 44 emits no light). 

[0090] Rg. 7 is a timing chart showing the operation 
of the pre-drhfe circuit 32-1 shown in Fig. 6. 
[0091] Refen-lng to Rg, 7, CTL is a control signal sup- 
piled from the drive control circuit 31 , and OUT is a sig- 
nal outputted from the pre-drive circuit 32-1 in accord- 
ance with the control signal. In addition, OUT is shown 
for the comparison with the signal OUT. The signal OUP 
takes on the low level when the light-emitting element 
44 In the optical transfer circuit 43 emits light and oth- 
erwise the high level (when the light-emitting element 
44 emits no light). 

[0092] Here, it is to be understood that the light-emit- 
ting element 44 in the optical transfer circuit 43 emits 
light with the control signal CTL being at the high level 
but emits no light at the low level. 
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[0093] First, at time T1, with the control signal CTL 
being at the high level, the lighi-emitting element 44 in 
the optical transfer ctrcuil 43 emits light to cause the sig- 
nal OUT outputted from the pro- drive circuit 32-1 to be 
at the high level and the switch SW4 to be brought Into 
an "on" stale. Then, at lime T2. with the control signal 
CTL being at the low level, the light-emitting element 44 
in the optical transfer circuit 43 emits no light to cause 
the signal OUT outputted from the pre-drive circuit 32-1 
to be at the low level and the switch SW4 to be brought 
into an "ofT state. 

[0094] Then, at time T3. with ihe control signal CTL 
being brought again to the high level, the signal OUT 
outputted from the pre-drive circuit 32-1 is correspond- 
ingly brought to the high level, causing the switch SW4 
to be brought into an "on" slate. 
[0095] Now, suppose that a failure or the like on the 
power supply device for supplying power or on a circuit 
Interrupts power supply lo the optical transfer circuil 43 
In the pre-drive circuit 32-1 at lime T4. and thereafter 
power supply to other circuits including the switch SW4 
is shut off at time T5. In this case, at time T4. the light- 
emitting element 44 In the optical transfer circuit 43 
would not emit light Irrespoctivo of the control signal 
CTL. Correspondingly, this causes the signal OUT out- 
putted from the pre-drive circuit 32-1 to be brought to 
the low level and the switch SW4 to be brought into an 
"ofr state. 

[0096] In contrast, consider the case of the signal 
OUT which is at the low level when the light-emitting 
element 44 in the optical transfer circuit 43 emits light 
and otherwise at the high level (when the light-emitting 
element 44 emits no light). In this case, at time T4, the 
light-emitting element 44 In the optical transfer circuit 43 
will not emit light. However, since other circuits are still 
In action, the signal OUT outputted from the pre-drive 
circuit 32-1 is brought to the high level and the switch 
SW4 is brought Into an "on" state. Thereafter, at time 
T5, other circuits including the switch SW4 become out 
of action, thereby causing the switch SW4 to be brought 
Into an "ofT state, 

[0097] That Is, consider the case where the switch 
SW4 acting as an output element is in an "ofT state while 
the itght-emltting element 44 in the optical transfer cir- 
cuit 43 Is emitting light, and the switch SW4 Is In an "on" 
state when the light-emitting element 44 Is emitting no 
light. In this case, when power supply only lo the optical 
transfer circuit 43 would be interrupted, the switch SW4 
would be brought into an "on" state. In some cases, this 
may cause current to be continuously supplied to the 
plasma display panel or output elements such as switch- 
es, which should be exclusively controlled, to be brought 
Into an "on" state simultaneously resulting in damage to 
the elements or the like. 

[0098] In contrast, consider the case in which like the 
signal OUT, the switch SW4 acting as an output element 
Is in an "on" state when the light-emitting element 44 In 
the optical transfer circuit 43 is emitting light, and the 



switch SW4 Is In an "ofT' state when the light-emitting 
element 44 is emitting no light. Even when power supply 
only to the optical transfer circuit 43 Is Intenupted, it Is 
possible to bring the switch SW4 into an "off state and 

5 thereby positively prevent damage to the elements. 
[0099] On the other hand, consider the case where a 
failure or the like on the power supply device for supply- 
ing power or on a circuit interrupts power supply to the 
optical transfer circuit 43. In this case, as a method for 

10 positively bringing the output element connected to the 
pre-drive circuit 32-1 into an "or state, available is to 
employ a power supply potential sustaining circuit for 
supplying power to the optical transfer circuit 43 for a 
predetemriined length of time. 

15 [01 00] Rg. 8 is a block diagram showing the arrange- 
ment of the pre-drive circuit 32-1 In which the optical 
transfer circuit 43 Is provided with the power supply po- 
tential sustaining circuit. 

[0101] Referring lo Fig. 8, reference numeral 46 des- 

^ ignates a power supply device for supplying power to 
the optical transfer circuit 43' via a power supply poten- 
tial sustaining circuit 47. In addition, when power supply 
from the power supply device 46 to the optical transfer 
circuit 43 is intenrupted, tho power supply potential sus- 

25 talning circuit 47 supplies power to the optical transfer 
circuit 43 for a predetermined length of time via a power 
supply terminal V-p. For example, the power supply po- 
tential sustaining circuit 47 comprises a diode having the 
anode connected to the power supply device 46 and the 

30 cathode connected to the power supply tennlnal Vj and 
a capacitor 48 connected between the cathode of the 
diode and the ground shown in Fig. 9. 
[0102] In addition, when the power supply device 46 
supplies power to the optical transfer circuit 43 via the 

35 power supply terminal Vj, the power being supplied is 
accumulated as charge in the capacitor 48. On the other 
hand, suppose that power supply from the power supply 
device 46 to the optical transfer circuit 43 Is Interrupted. 
In this case, the charges accumulated In the capacitor 

40 48 are supplied to the optteal transfer circuit 43 via the 
power supply tennlnal V^-, thereby sustaining the power 
supplied to the optical transfer circuit 43 for a predeter- 
mined length of time. Even when power supply to the 
optical transfer circuit 43 Is Interrupted, this makes it 

45 possible to sustain properly the logic of a signal output- 
ted from the optical transfer circuit 43 until the power 
supply potential to be supplied to the output element is 
lowered and thereby prevent damage to elements or the 
like. 

^0 [01 03] Incidentally, consider the case where the opti- 
cal transfer circuit 43 Is provided with the power supply 
potential sustaining circuit 47 as described above, and 
the output element is in an "off" state when the light- 
emitting element 44 in the optical transfer circuit 43 is 

55 emitting light. In this case, even when power supply to 
the optical transfer circuit 43 is interrupted, it is possible 
to allow the signal outputted from the optteal transfer cir- 
cuit 43 to sustain the output element in an "off" state until 
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the power supply potential to be supplied to the output 
element is lowered. 

[01 04] Fig. 1 0 is a block diagram showing another ar- 
rangement of the pre-drive circuit 32-1 . 
[0105] The pre-drlve circuit 32-1 shown in Fig. 10 is 
the pre-drive circuit shown In Fig. 3 that is furtlier pro- 
vided with a phase tuning circuit 49. 
[01 06] Referring to Fig. 1 0, the phase tuning circuit 49 
adjusts the phase delay of a control signal, which is sup- 
plied from the drive control circuit 31 to an output ele- 
ment via the pre-drlve circuit 32-1 , among the pre-drive 
circuits 32-1 to 32-4. 

[0107] That Is, the signal transfer circuit 41 converts 
the reference potential for the control signal supplied 
from the drive control circuit 31 or the signal amplifier 
circuit 42 amplifies the control signal. At this time, a de- 
lay develops In the phase of the resulting signal output- 
ted from the pre-drive circuit due to variations In ele- 
ments consllluling the signal transfer circuit 41 and the 
signal amplifier circuit 42 or In sensitivity of the elements 
or the lil<e. 

[01 08] The phase tuning circuit 49 adjusts the phase 
delay developed In the signal transfer circuit 41 and the 
signal amplifier circuit 42 among pro-drive circuits 32-1 
- 32-4 in order to supply the control signals In phase with 
each other to the respective output elements. 
[01 09] For example^ the optical transfer circuit 43 can 
be nriade up of a time constant tuning circuit having a 
capacitor and a resistor, mailing it possible to adjust 
phase delays by tuning the capacitance of the capacitor 
and the resistance of the resistor. 
[01 1 0] Figs. 1 1 A, 1 1 B, and 11 C are views showing the 
an^angement of the phase tuning circuit 49. 
[0111] In Figs. 11A, 11B, and 11C, lln designates an 
inputterminal of thephase tuning circuit 49 and lout des- 
ignates an outputtemiinalofthe phase tuning circuit 49. 
[01 1 2] The phase tuning circuit 49 shown in Fig. 1 1 A 
comprises a variable resistor R11 connected between 
the input temiinal lin and the output terminal lout, and a 
capacitor Ci1 connected between the GND and an in- 
terconnection node of the output temiinal lout and the 
terminal of the variable resistor R11 . The resistance of 
the variable resistor R11 is varied, thereby tuning the 
phase delay time. 

[0113] The phase tuning circuit 49 shown In Fig. 11 B 
comprises a resistor R12 connected between the Input 
temiinal lin and the output temiinal lout, and a variable 
capacitor CI 2 connected between the GND and an in- 
terconnection node of the output temiinal lout and the 
temninal of the resistor R1 2. The capacitance of the var- 
iable capacitor CI 2 is varied, thereby tuning the phase 
delay time. 

[0114] The phase tuning circuit 49 shown in Fig. 11C 
comprises an electronic volume R13, connected be- 
tween the input terminal lln and the output terminal lout, 
for varying resistance electrically, and a capacitor C13 
connected between the GND and an Interconnection 
node of the output temiinal lout and the temiinal of the 



electronic volume R13. In addition, a resistance control 
signal for tuning the electronic volume R13 is input ex- 
ternally and supplied to the electronic volume R13. 
Then, the resistance control signal is allowed to vary the 
s resistance of the electronic volume R13, thereby tuning 
the phase delay time. 

(0115] As described above, the phase tuning circuit 
49 Is provided In the pre-drive circuit. This makes it pos- 
sible to adjust the phase delay caused by elements con- 
10 stituting the signal transfer circuit 41 and the signal am- 
plifier circuit 42 or the like and thereby stabilize the op- 
eration of the output elements. 
[0116] incidentally, the pre-drive circuit 32-1 shown in 
Fig. 10 Is provided with the phase tuning circuit 49 be- 
is fore the signal transfer circuit 41 . However, the phase 
tuning circuit 49 may be provided after the signal trans- 
fer circuit 41 . 

[01 17] Rg. 1 2 is a view showing another an^angement 
of a drive circuit for an AC-drlven POP according to the 
first embodiment. The drive circuit shown in Fig. 12 is 
the drive circuit shown in Fig. 19 that Is provided with a 
pre-drive circuit according to this embodiment. Inciden- 
tally, in Fig. 12, the same components as those shown 
In Fig. 1 9 are given the same reference symbols and will 
not be explained repeatedly. 

[0118] Ref ening to Rg. 1 2, reference symbols 32-1 to 
32-8 designate pre-drive circuits. The pre-drive circuits 
32-1 to 32-8 convert and supply the potential level of 
control signals, each of which is supplied from the drive 
control circuit 31 with reference to the reference poten- 
tial of the switches SW4. SW6, SW4\ and SW5'. and 
the transistors Tri to Tr4. That is. like the pre-drlve cir- 
cuits shown in Fig. 1 , the pre-drive circuits 32-1 to 32-8 
convert the reference potential of the control signals, 
each supplied from the drive control circuit 3V, from that 
of the drive control circuit 31' to that of the output ele- 
ments, and then supply the resulting control signals to 
the output elements. 

[0119] Since the reference potential of the switches 
SW4, SW5, SW4', and SW5'. and the transistors Tri to 
Tr4 varies in the drive operation, the drive circuit shown 
in Fig. 12 is provided with the pre-drive circuits 32-1 to 
32-8. 

[0120] As described above, the pre-drlve circuits 32-1 
to 32-8 are each provided for the respective switches 
SW4, SW5, SW4', and SW6\ and the transistors Tri to 
Tr4, which vary in reference potential In the drive oper- 
ation. This makes it possible to supply control signals 
with reference to the reference potential to the respec- 
tive switches SW4, SW5, SW4', and SW5', and the tran- 
sistors Tri to Tr4, thereby allowing each of the output 
elements to operate with stability. 
[0121] Incidentally, any of the pre-drive circuits can be 
employed as the pre-drive circuits 32-1 to 32-8 shown 
in Fig. 12. 

[0122] As described above, this embodiment allows 
the signal transfer circuit 41 In the pre-drive circuit to 
convert the reference potential of the control signals 
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supplied from the drive control circuit 31 to that of output 
elements (such as switches SW4, SW5, SW4', and 
SW5', and the transistors Tr1 to Tr4). and allows the sig- 
nal amplifier circuit 42 to amplify the resulting signals 
and then output to the output elements. 
[01 23] Even when the reference potential of the drive 
control circuit 31 and the control signal is different from 
that of the output element, this makes It possible to iso- 
late the reference potential and transfer the control sig- 
nal to the output element. Accordingly, variations in po- 
tential of the output element orthe like could be prevent- 
ed from affecting the drive control circuit 31 . This makes 
It possible to drive the plasma display device with sta- 
bility and thereby provide improved reliability for the 
plasma display device. 

[01 24] For example, suppose that the optical transfer 
circuit 43 is employed as the signal transfer circuit 41. 
In this case, an electrical path can be completely shut 
off while the control signal is being transferred between 
the drive control circuit 31 and the output element. Even 
when variations in potential of the output element orthe 
like occur, this makes it possible to perfectly prevent the 
drive control circuit 31 from being affected, thereby pro- 
viding further improved reliability to the plasma display 
device. 

[0125] In addition, for example, suppose that the 
phase tuning circuit 49 is provided in the pre-drh^e cir- 
cuit. In this case, it is possible to adjust the phase delay 
caused by the signal transfer circuit 41 , the signal am- 
plifier circuit 42 or the like upon converting the control 
signal to the reference potential of the output element. 
Accordingly, the operation timing of each of the output 
elements can be synchronized, thereby making It pos- 
sible to drive the plasma display device with stability. 

[Second embodiment] 

[0126] Now, the present invention will be explained 
with reference to a second embodiment. 
[0127] Fig. 13 is a circuit diagram showing the ar- 
rangement of a drive circuit for an AC-driven PDP ac- 
cording to the second embodiment. Incidentally, the 
drive circuit shown in Fig. 13 according to this embodi- 
ment is applicable to the AC-driven PDP device shown 
in Figs. 17 and 18, In which illustrated are the overall 
anrangement thereof and the structure of a cell consti- 
tuting the pixel, incidentally, in Fig. 13, the same conv 
ponents as those shown In Fig. 1 are given the same 
reference symbols and will not be explained repeatedly. 
[0128] The drive circuit according to the first embodi- 
ment is provided with one pre-drive circuit for each of 
the output element. However, the drive circuit according 
to the second embodiment is provided with one pre- 
drive circuit on each side of the common electrode X 
and the scanning electrode Y for conversion and gen- 
eration of control signals for each of the output elements 
orthe like in the pre-drive circuit to supply the resulting 
signal to each of the output elements. 



[0129] In Fig. 13, reference numeral 51 designates a 
drive control circuit, and 52 and 52' designate a pre- 
drive circuit. The drive control circuit 51 supplies a con- 
trol signal to each of the pre-drive circuits 52, 52'. Inci- 

s dentally, the control signal controls all the output ele- 
ments (switches SW4, SW5, SW4', and SW5') connect- 
ed after each of the pre-drive circuits 52 and 52*. 
[0130] The pre-drive circuit 52 comprises a signal 
transfer circuit 53, a signal converter circuit 54, and slg- 

10 nal amplifier circuits 55-1 and 55-2 equal in number to 
the output elements (two on the common electrode X 
side shown in Fig. 13). 

[0131] The signal transfer circuit 53 converts the ref- 
erence potential of the control signal, supplied from the 

t5 drive control circuit 51 , to that of the output element for 
output. That is, the signal transfer circuit 53 converts the 
control signal, which is supplied from the drive control 
circuit 51 with reference to the reference potential (e.g., 
the GND) of the drive control circuit 51 , to a control slg- 

20 nal having a potential level to match with the reference 
potential of an output element connected after the pre- 
drive circuit 52. For example, the signal transfer circuit 

53 can be made up of photocouplers (photo-Isolators), 
coupling capacitors, or transfomiers. 

25 [0132] The signal converter circuit 54 generates con- 
trol signals for each of the output elements connected 
after the pre-drive circuit 52 in accordance with the con- 
trol signal having the potential level converted by the 
signal transfer circuit 53 to the reference potential of the 

30 output element. Then, the signal converter circuit 54 
supplies the resulting control signals to the signal am- 
plifier circuits 55-1 and 55-2 with an appropriate timing. 
In other words, the signal converter circuit 54 generates 
two control signals for the switches SW4 and SW5 con- 

35 nected after the pre-drive circuit 52 In accordance with 
the control signal having the potential level converted 
by the signal transfer circuit 53 to the reference potential 
of the output element. Then, the signal converter circuit 

54 supplies the resulting control signals to the signal am- 
40 pllfier circuits 55-1 and 55-2, respectively. 

[0133] The signal amplifier circuits 55-1 and 55-2 am- 
plify the control signals separated and supplied by the 
signal converter circuit 54 up to the drive level of output 
elements, and then supply the resulting control signals 
45 to the switches SW4 and SW5 acting as output ele- 
ments. 

[0134] The pre-drive circuit 52' on the scanning elec- 
trode Y side Is constituted In the same way as the pre- 
drive circuit 52 on the common electrode X side and is 

50 not explained repeatedly. 

[0135] Rg. 14 Is a circuit diagram showing another ar- 
rangement of a drive circuit for an AC-driven PDP ac- 
cording to the second embodiment. Incidentally, in Fig. 
14, the same components as those shown in Figs. 12 

55 and 1 9 are given the same reference symbols and will 
not be explained repeatedly. 

[0136] Like the drive circuit shown In Fig. 13 which 
has a power recovering circuits 21 and 21', the drive clr- 
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cuit shown in Fig. 14 is provided with one pre-drlve cir- 
cuit on each of the scanning electrode X side and the 
scanning electrode Y side, for conversion and genera- 
tion of control signals for each of the output elements in 
the pre-drive circuit to supply the resulting signal to each $ 
of the output elements. 

[0137] Referring to Fig. 14. reference number 56 des- 
ignates a drive control circuit, and 57 and 57' designate 
pre-drive circuits, which have the same functions as 
those of the drive control circuit 51 and the pre-drive cir- io 
cults 52 and 52', shown in Fig. 13. 
[0138] The pre-drive circuit 57 comprises a signal 
transfer circuit 58. a signal converter circuit 59, and sig- 
nal amplifier circuits 60-1 , 60-2, 60-3, and 60-4 equal in 
number to the output elements (four on the common 
electrode X side shown in Fig. 14). 
[0139] Like the signal transfer circuit 53 shown in Fig. 
13, the signal transfer circuit 58 converts the reference 
potential of the control signal, supplied from the drive 
control circuit 56, to that of the output element to output 20 
the resulting control signal to the signal converter circuit 
59. 

[0140] Like the signal converter circuit 54 shown in 
Fig. 13, the signal converter circuit 59 generates control 
signals for each of the output elements connected after 2s 
the pre-drive circuit 57 in accordance with the control 
signal having the potential level converted by the signal 
transferclrcuit 58 to the reference potential of the output 
element Then, the signal converter circuit 59 supplies 
the resulting control signals to the signal amplifier cir- 3o 
cuits 60-1 to 60-4 with an appropriate timing. In other 
words, the signal converter circuit 59 generates four 
control signals for each of the switches SW4 and SW5 
and the transistors Tr1 and Tr2 connected after the pre- 
drive circuit 57 in accordance with the control signal hav- 35 
ing the potential level converted by the signal transfer 
circuit 58 to the reference potential of the output ele- 
ment Then, the signal converter circuit 59 supplies the 
resulting control signals to the signal amplifier circuits 
60-1 to 60-4, respectively. 40 
[0141] The signal amplifier circuits 60-1 to 60-4 am- 
plify the control signals, each separated and supplied 
by the signal converter circuit 59, to the drive level of 
the output element and then supply the resulting control 
signals to the switches SW4 and SW5, acting as output 45 
elements, and the transistors Tri and Tr2, respectively. 
[0142] Incidentally, the pre-drive circuit 57' on the 
scanning electrode Y side has the same configuration 
as that of the pre-drive circuit 57. 

[0143] As described above, the second embodiment so 
Is provided with one pre-drive circuit on each aide of the 
common electrode X and the scanning electrode Y. The 
signal converter circuit connected afterthe signal trans- 
fer circuit in the pre-drive circuit separates the control 
signals supplied to those for each of the output elements 55 
connected to the pre-drive circuit and then supplies the 
resulting controls signal to the output elements. 
[0144] In comparison with the drive circuit provided 



with one pre-drive circuit for each output element, this 
makes it possible to isolate the reference potential of the 
control signal from that of the output element with a less 
number of signal transfer circuits to transmit the result- 
ing control signal to the output element. Thus, only with 
the addition of a few circuits, the plasma display device 
can be driven with stability, thereby making it possible 
to provide Improved reliability for the plasma display de- 
vfce. 

[Third embodiment) 

[0145] Now. the present Invention will be described 
with reference to a third embodiment, 
[0146] Rg. 15 Is a circuit diagram showing the ar- 
rangement of a drive circuit for an AC-driven PDP ac- 
cording to the third embodiment. Incidentally, In Fig. 15, 
the same components as those shown in Fig, 19 are 
given the same reference symbols and will not be ex- 
plained repeatedly. 

[0147] Refen-ing to Rg. 15, potential detector circuits, 
designated by reference numerals 61 and 61 ', detect the 
potential difference between the electrodes of the ca- 
pacitors C2 and C3 provided in the power recovery cir- 
cuits 21 and 21 and then supplies the results of detec- 
tion to a power supply control circuit 62. 
[0148] The powersupply control circuit 62 detennines 
whether each of the power recovery circuits 21 and 21' 
works property, in accordance with the results of detec- 
tion of the potential difference between the electrodes 
of the capacitors C2 and C3 supplied from the potential 
detector circuits 61 and 61'. In other wonds. the power 
supply control circuit 62 detemiines whether the poten- 
tial difference between the electrodes of the capacitors 
C2 and C3, that Is, the result of detection supplied from 
the potential detector circuits 61 and 61* Is indicative of 
the property operating power recovery circuits 21 and 
21'. 

[0149] Now, for example, suppose that the power re- 
covery circuit 21 operates properly. In this case, the po- 
tential difference across the capacitor C2 (the potential 
difference between the second signal line OUTB and the 
Interconnection node of the transistor Tri and Tr2) is Vs/ 
4 as shown In Fig. 16. Accordingly, the detemnlnatlon Is 
made based on a detemnination of whether the potential 
detector circuits 61 and 61' supply Vs/4 as the potential 
difference between the electrodes of the capacitors C2 
and C3. 

[0150] Suppose that it has been detemiined conse- 
quently that at least one of the power recovery circuits 
21 and 21 ' worics improperiy, that Is, the result of detec> 
tion supplied from the potential detector circuits 61 and 
61' is different from the value Indicative of the property 
operating power recovery circuits 21 and 21'. In this 
case, the power supply control circuit 62 controls a pow- 
er supply circuit 63 to lower the output potentials Vs/2 
and Vw. 

[01 51 ] As described above, according to the third em- 
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bodiment, detected is the potential difference between 
the electrodes of the capacitors C2 and C3 provided for 
each of the power recovery circuits 21 and 21'. When it 
has been determined that the result of detection is dif- 
ferent from the value indicative of the property operating s 
power recovery circuits 21 and 21', the output potential 
supplied to the plasma display device is lowered. This 
makes it possible to stop the operation of the plasma 
display device before the occurrence of damage to the 
elements, thereby providing improved reliability for the io 
plasma display device. 

[0152] Incidentally, as the present invention may be 
embodied in several fomis without departing from the 
scope of essential characteristics thereof, it is to be un- 
derstood that the embodiments, although having been is 
described specifically, ere therefore illustrative and not 
restrictive. 

[01 53] As described above, according to the present 
invention, a signal transferclrcuil converts a control sig- 
nal, for controlling an output element that supplies a po- 20 
tential to an electrode for applying a potential to a display 
cell to perfomi discharge therein, to a signal having the 
reference potential of the output element and then sup- 
plies the resulting signal to the output element. This 
makes it possible to transfer the control signal with the 2s 
reference potential being isolated, thereby providing inn- 
proved reliability for the plasma display device. 
[0154] A power recovery potential detected by a po- 
tential detector circuit for detecting the power recovery 
potential of a power recovery circuit may be different so 
from the power recovery potential, indicative of the prop- 
erly operating power recovery circuit. When the power 
supply potential for driving the plasma display device Is 
lowered at this time, the operation of the plasma display 
device can be stopped bef 0 re the occurrence of damage 3s 
to the elements. Accordingly, the plasma display device 
can be provided with improved reliability. 



Claims 40 

1. A plasma display device having a reference poten- 
tial of an output element for supplying a potential to 
an electrode provided for applying a potential to a 
display cell to perfonn discharge, and a reference 45 
potential of a control signal output from a drive con- 
trol circuit for controlling said output element, said 
reference potential of said output element being dif- 
ferent from said reference potential of said control 
signal, said device comprising: so 

a signal transfer circuit for converting said con- 
trol signal to a signal at said reference potential 
of said output element and supplying the result- 
ant signal to said output element. ss 

2. The device according to claim 1 , wherein said signal 
transfer circuit Is an optical transfer circuit. 



3. The device according to claim 2 , wherein said opti- 
cal transfer circuit comprises a light-emitting ele- 
ment flashing in accordance with said control signal 
and a light-receiving element for detecting a light 
emitted by said light-emitting element. 

4. The device according to claim 3, wherein said opti- 
cal transfer circuit activates said output element 
when said light-receiving element has detected a 
light emitted by said light-emitting element. 

5. The device according to claim 2, wherein said opti- 
cal transfer cinsuit is a photo-coupler. 

6. The device according to any of claims 2 to 5, further 
comprising a power supply potential sustaining cir- 
cuit for accumulating externally supplied power sig- 
nals and for supplying the accumulated power sig- 
nals to said optical transfer circuit upon Interruption 
of the external power supply. 

7. The device according to claim 6, wherein said opti- 
cal transfer circuit comprises a light-emitting ele- 
ment flashing in accordance with said control signal 
and a light-receiving element for detecting a light 
emitted by said light-emitting element, and 

the operation of said output element Is prohib- 
ited when said light-receiving element has de- 
tected a light emitted by said light-emitting ele- 
ment. 

8. The devtoe according to any of claims 2 to 5, further 
comprising a power supply potential sustaining cir- 
cuit, connected to a power supply terminal of said 
optical transfer circuit, for accumulating extemally 
supplied power signals and for supplying the adcu- 
mulated power signals to said optical transfer circuit 
upon interruption of the extemal power supply. 

9. The devfce according to any of the preceding 
claims, further comprising a phase tuning circuit for 
tuning a delay of a control signal converted into a 
signal at said reference potential of said output el- 
ement and supplied to said output element. 

10. The device according to claim 9, wherein said 
phase tuning circuit is a time constant tuning circuit 
comprising a resistor and a capacitor and is capable 
of changing at least one of the resistance of said 
resistor and the capacitance of said capacitor. 

11. The devtee according to any of the preceding 

claims, wherein 

said control signal is capable of controlling a 

plurality of output elements, and 

said plasma display device comprises a signal 
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converter circuit for separating said control sig- 
nal into control signals for each of said plurality 
of output elements. 

12. A plasma display device having a reference poten- s 
tial of an output element for supplying a potential to 

an electrode provided for applying a potential to a 
display cell to perfomri discharge, and a reference 
potential of a control signal output from a drive con- 
trol circuit for controlling said output element, said io 
reference potential of said output element being dif- 
ferent from said reference potential of said control 
signal, said device comprising: 

a power recovery circuit for exchanging charg- is 
es with the display cell via said electrode, and 
a potential detectorclrcuit for detecting a power 
recovery potential of said power recovery cir- 
cuit, wherein 

when a power recovery potential detected by 20 
said potential detectorclrcuit is different from a 
power recovery potential indicative of said pow- 
er recovery circuit properly operating, a power 
supply potential for driving the plasma display 
device is lowered. 25 

13. The device according to claim 12, wherein 

said power recovery circuit comprises capaci- 
tors for accumulating said charges, and so 
said potential detector circuit detects a poten- 
tial difference between electrodes of said ca- 
pacitors as said power recovery potential. 

14. A method for controlling a plasma display device 35 
having a reference potential of an output element 

for supplying a potential to an electrode provided 
for applying a potential to a display cell to perfomn 
discharge, and a reference potential of a control sig- 
nal output from a drive control circuit for controlling 40 
y said output element, said reference potential of said 
output element being different from said reference 
potential of said control signal, said method com- 
prising the steps of: 

43 

converting said control signal Into a signal at 
said reference potential of said output element, 
and 

supplying the resultant signal to said output el- 
ement, so 



the method further comprises the step of acti- 
vating said output element when said light-re- 
ceiving element has detected a light emitted by 
said light-emitting element. 

16. A method for controlling a plasma display device 
having a reference potential of an output element 
for supplying a potential to an electrode provided 
for applying a potential to a display cell to perfomn 
discharge, and a reference potential of a control sig- 
nal output from a drive control circuit for controlling 
sard output element, said reference potential of said 
output element being different from said reference 
potential of said control signal, said method com- 
prising the steps of: 

detecting a power recovery potential of a power 
recovery circuit for exchanging charges with 
the display ceil via said electrode, and 
lowering a power supply potential for driving the 
plasma display device when the detected pow- 
er recovery potential Is different from a power 
recovery potential Indicative of said power re- 
covery circuit properly operating. 

17. A plasma display device comprising a signal trans- 
fer circuit for converting a control signal output from 
a drive control circuit and having a reference poten- 
tial to a signal having a reference potential of an out- 
put element which Is for supplying a potential to a 
display cell to produce a discharge therein, the ref- 
erence potential of the control signal being different 
from the reference potential of the output element. 

18. A plasma display device comprising: 

a power recovery circuit for exchanging charge 
with a display cell via an electrode, and a po- 
tential detector circuit for detecting a power re- 
covery potential of said power recovery circuit, 
wherein the device is an-anged such that, when 
a power recovery potential detected by said po- 
tential detectorclrcuit Is different from a power 
recovery potential Indicative of said power re- 
covery circuit operating properly, a power sup- 
ply potential for driving the plasma display de- 
vice is lowered. 



15. The method according to dalm 14, wherein said 
plasma display device further comprises a light- 
emitting element flashing in accordance with said 
control signal and a light-receiving element for de- ss 
tecting a light emitted by said light-emitting element, 
and 
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